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There is a scarcity of information on dietary intake and iron status of Ghanaian 
children raised on vegetarian diets. A cross-sectional study design was used to  
compare the diets and iron status of vegetarian children between the ages of 9 months 
and 11 years (n= 26) with matched controls, non-vegetarian children (n=26) of similar 
ages and same sex and living within the same communities in Accra and Cape Coast, 
Ghana. Dietary information was collected using 24-hr food recall and 12-hr home 
observation. Haemoglobin, plasma ferritin, C-reactive protein, and Transferrin 
Receptor (TfR) concentrations were determined on finger prick (haemoglobin) and 
venous blood samples collected during the study. Based on the 24-hr food recall, 
vegetarian children’s diets were devoid of vitamin B12whereas non-vegetarian 
children’s diets were not (0.0 ± 0.0 mg vs. 1.5 ± 1.8 mg, p<0.001). The dietary intake 
based on 12-hr home observation showed similar results.  However, vegetarians had 
significantly higher intake of dietary fibre (17.1 ± 11.9 g vs. 8.4 ± 6.2 g, p= 0.002), 
thiamine (1.1 ± 0.8 mg vs. 0.5 ± 0.3 mg, p= 0.001) and vitamin A (1702 ± 1887 
Retinol Equivalent (RE)vs. 671 ± 691 RE, p= 0.010) than non-vegetarian children. 
Dietary diversity based on nine food groups was similar between groups (5.8 
±1.0score). Plasma ferritin was higher for non-vegetarian children compared to the 
vegetarians (59.2± 48.2 ng/mL vs. 34.1± 25.8ng/ml, p= 0.012) but there was no group 
difference in plasma TfR. The prevalence of anaemia was about 25% in both groups.  
Typical diets of Ghanaian children lack variety and both vegetarian and non-
vegetarian diets are insufficient to support adequate iron status.  Iron-rich foods such 
as meat or supplements are needed. There is urgent need for immediate vitamin B12 
supplementation for all vegetarian children and a general need for nutrition education 
to diversify all children’s diets. 
 









The practice of vegetarianism involving the exclusion of all meat and animal products 
from the diet may confer some health advantages to adults due to high levels of fibre 
and low levels of saturated fat. However, for children who are actively growing, a 
strict vegetarian diet presents a heightened   risk of micronutrient deficiencies due to 
intake of micronutrient-poor diets and the increase in nutrient requirements during 
childhood. When the diet becomes more restrictive, as in the case of strict vegetarians, 
it is necessary to carefully select, diversify and plan meals [1,2].Vegetarian diets are 
more likely to be marginal in nutrients such as iron and vitamin B12[1,3,4] compared 
to other non-vegetarian diets that contain reasonable amounts of meat, eggs and milk 
products [1,2].Although the iron content of vegetarian diets is typically similar to that 
of non-vegetarian diets, the bioavailability of the iron is lower because of the absence 
of haem-iron and the reduced availability due to the high phytic acid content in plant 
foods[5].  Iron deficiency is a prevalent nutrient deficiency in the world and affects up 
to two-thirds of children in most developing countries [6], who typically receive 
homemade complementary foods that are poor sources of bio-available iron [7].  
Since even a high dietary iron intake does not assure optimum bioavailability, it is 
necessary to promote dietary practices that enhance absorption of iron from plant 
foods. 
 
Early work on vitamin B12 by Armstrong et al. [8] showed that dietary intake and 
plasma concentrations of the vitamin were lower in vegetarians than in meat eaters. 
Dietary vitamin B12 deficiency is not only a problem for vegetarians but also a serious 
problem in non-vegetarians whose intake of meat is very low due to poverty [9]. Plant 
food sources do not contain vitamin B12, hence the only reliable sources of this 
vitamin for vegetarians are fortified foods and dietary supplements [10,11]. 
 
Meeting nutrient requirements among vegetarian infants and children is challenging 
and the use of vitamin and mineral supplements or use of foods fortified or enriched 
with these nutrients may present additional costs to the household. Furthermore, 
during infancy when nutritional requirement is highest, limited gastric capacity poses 
a problem. Children fed on vegetarian diets high in fibre, complex carbohydrate and 
water content may contribute to the risk of having inadequate energy and nutrient 
intakes [2,12]. 
  
In Ghana the practice of vegetarianism among adults and children is uncommon.  
However, in the last five years, the Ministry of Health (MOH) has introduced the 
Regenerative Health and Nutrition Program (RHNP), a program that emphasizes 
among other things the consumption of plant-based diets by households. A non-
governmental organization (African Hebrew Development Agency, AHDA) is 
working in collaboration with the Ministry of Health to introduce the RHNP among 
Ghanaians. The RHNP is modelled on the practices of the African Hebrew Israelites 
of Jerusalem (Dimona, Israel) who are reported to have reduced risk factors of non-
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A number of studies in developed countries have demonstrated that children fed on 
vegetarian diets grow and develop normally when nutrient requirements are met [1,3]. 
However, in sub-Saharan Africa, raising children on vegetarian diets raises concern as 
access to forms of dietary supplements, typically available to vegetarian populations 
in developed countries, are lacking. Some households in the Greater Accra and 
Central regions of Ghana that are  affiliated to  the African Hebrew Israelite (AHI) 
community have adopted the regenerative health and nutrition lifestyle for all 
members of their households, including infants and young children. Considering that 
vegetarianism is a rare practice for children in Ghana, this study examined whether 
these households were able to meet their children’s requirements on this restrictive 
diet.  This study was carried out to compare the dietary adequacy and iron status of 





Study subjects and recruitment 
The study was conducted from February to November, 2008.  Subjects were members 
of the African Hebrew community who lived in urban areas of Accra and Cape Coast.  
The African Hebrew community promotes a plant-based diet with the consumption of 
no animal products (including eggs or dairy products). They also avoid foods with 
chemical additives. Households with children aged between 9 months and 11 years 
were identified, through the AHDA office in Accra, Ghana. Using a questionnaire, 
information was collected on the household’s eating habits to confirm the vegetarian 
practice.  A comparison group (control) of children who lived in the same community 
but who were non-vegetarians were selected from the nearest house to where the 
vegetarian child lived. So if a vegetarian child lives in house A, the closest house that 
has a child of similar age and sex was approached for inclusion of the child.  As much 
as possible, children were matched for age, sex, and parental socioeconomic status. 
Vegetarian and non-vegetarian children between the ages of 9 months to11 years, 
whose parents agreed to participate and provided written informed consent, were 
recruited for the study.   
 
A total of 28 vegetarian children were identified.  One child was excluded because 
informed consent was not obtained while a 6yearold child (boy) was excluded 
because he did not practise vegetarianism while living with his non-vegetarian father 
for the first five years of his life. A total of 26vegetarian children (15 boys and 11 
girls) from 17 households were eligible and were recruited for the study.  Twenty-six 
matched non-vegetarians were also recruited from 25 nearby households. For the 
matched controls, twenty-nine families were contacted; two children were excluded 
because informed consent was not obtained and another two children were excluded 
because their parents refused the blood to be drawn for analysis. For inclusion in the 
vegetarian group, a child must not have eaten any meat, fish, eggs, or any animal 
source food all of his/her life after the period of exclusive breastfeeding. 
 
The study protocol was approved by the Noguchi Memorial Institute for Medical 
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Service Ethical Review Committee.  Permission was sought from leaders of AHDA in 
Ghana.  Written informed consent was obtained individually from parents or 
guardians of the children prior to the commencement of the study. 
 
Sample size  
Haemoglobin concentration was the primary outcome measure.  The sample size was 
determined based on published anaemia prevalence data for a group of United 
Kingdom vegetarian children (haemoglobin data: 11.8+ 0.2 g/dl for children aged7-11 
years on vegetarian diets and 12.4+ 0.2g/dl for children of similar ages on omnivorous 
diets) [14].  The prevalence of anaemia among the vegetarian children was 47.5%.  
Using the prevalence of 47.5%, a confidence level of 95% and a power of 90, the 
required sample size per group was 20 children. Assuming a 30% drop out rate, 26 
children per group were recruited.  
 
Data collection  
Most participants received two home visits and completed one laboratory visit during 
the data collection period.  It was not possible to complete the laboratory visit with a 
few participants and these received an additional home visit. A structured 
questionnaire was used to collect information on household composition, socio-
economic characteristics, household dietary habits and child feeding practices for the 
recruited child. The length of time the child had been on the vegetarian diet was 
verified. Information about child age was obtained from parents and verified with the 
child’s weighing card.  Parents were asked to recall all foods eaten by the child in the 
past 24 hours.  Household measures including cups, ladles, spoons and wooden 
shaped food models were used to assist parents in estimating quantities consumed by 
the child.  Where consumed food was bought outside the home, the same amount was 
bought by the investigator, when possible from the same vendor, and weighed.  
 
A twelve-hour home observation was used to collect detailed food intake data on a 
50% randomly selected sub-sample of vegetarian and non-vegetarian children.  All 
foods eaten by the child on the day of observation were weighed before and after 
consumption.  From these, the amount consumed was determined.  A compact digital 
scale (CS 2000, Ohaus Corporation, USA) was used for all weighing with a precision 
of 1g.  
 
Weights and heights/ lengths for the children were taken by using standard procedures 
[15].  All measurements were taken in duplicate and the means used in the analysis.  
Measurements were taken on the first visit to each household.   
 
Blood sample collection and preparation 
About 3 ml of venous blood was drawn from the child through venipuncture into 
EDTA tubes by a trained phlebotomist either in the home (n=24 in Accra only) or at 
the laboratory (Clinical Pathology Department of Noguchi Memorial Institute of 
Medical Research in Accra or Abura Medical Laboratory in Cape Coast).  Blood 
samples collected at home were transported to the laboratory in insulated cold boxes 
within 3 hours of collection.  Plasma was prepared by centrifugation of the blood (5 
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Haemoglobin, plasma ferritin, Transferrin receptor (TfR), and Complement-Reactive 
Protein concentrations (CRP) were measured for all children. Blood haemoglobin 
concentration of the children was determined directly in their homes from finger prick 
blood samples using a portable hemocue (Hemocue AB Angelholm, Sweden). Ferritin 
and CRP concentrations were determined by Enzyme Linked Immunosorbent Assay 
(ELISA) technique using ELISA kit (Alpco Diagnostics, USA) while TfR 
concentrations were assayed in duplicate with the use of commercial ELISA kit 
(Biovendor- Laboratorni Medicina, USA). Manufacturers’ instructions were followed. 
The units for measurement for each parameter were g/dl, ng/ml, mg/l and µg/ml for 
haemoglobin, ferritin, CRP and TfR, respectively. 
 
Quality control measures 
To confirm the dietary practice of the vegetarian children, verbal interviews were 
conducted with the parents, neighbours, older siblings and in a few cases teachers of 
the children.  Parents of vegetarian children prepared food for their children to take to 
school.  They did not give their children any money to purchase food when going to 
school and had informed teachers about their children’s dietary practice so the 
teachers could keep an eye on them while in school.  The vegetarian practice was 




Dietary, biochemical, and anthropometric outcomes 
Dietary intake data from the 24-hour recall and 12-hour home observation were 
converted into energy and nutrients using Ghana nutrient database [16,17].  Based on 
the dietary data obtained from the 24-hour recall (which included data on all children) 
a food diversity score was calculated based on the sum of nine food groups. This 
study used a modified food diversity score adapted from Savy et al.[18] that 
included:(i)cereals; (ii) roots/tubers, (iii) pulses and nuts, (iv)green leafy vegetables, 
(v) other vegetables, (vi) fruits, (vii) fats and oils; (viii) fish and sea foods; 
meat/poultry/eggs, milk/dairy products; (ix) drinks/beverages. If the food consumed 
by a child had constituents from any of the nine food groups, they were assigned a 
score of one (1) for that particular food group that day.  A score of zero (0) was 
assigned if the child did not consume any food item from a given food group.  A child 
could, therefore, have a maximum score of 9. 
 
The INACG/WHO/UNICEF cut offs for anaemia (<11.0 g/dl for 0.5- 5 year olds and 
<11.5 g/dl for >5-11 year old) were employed in this study [19].  Iron deficiency 
anaemia was defined as a combination of ferritin <15 ng/ml and haemoglobin 
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Children’s weights and heights were converted to weight-for-age, weight-for-height 
and height-for-age z-scores using the WHO standards [20] and WHO reference 2007 
SPSS macro package for children aged 0-59 mo and 5-19 years [21].  The mean 
WAZ, HAZ and WHZ were compared between the two groups of children. 
 
Data entry and analysis were completed using SPSS version 11.5. The means and 
standard deviations of continuous variables were determined.  For categorical 
variables, proportions were reported. Student’s t-test for continuous variables and 
Pearson’s Chi square for categorical variables were used to compare the indicators of 
socioeconomic status and household characteristics, biochemical, anthropometry, and 




Caregiver, household and subject characteristics 
There was no significant difference between the vegetarian and non-vegetarian 
households in terms of years of caregiver education, age or marital status (Table 
1).Source of drinking water differed; most (68%) non-vegetarian caregivers used 
piped water whereas vegetarian families (94.9%) purchased their drinking water in 
sachets.  
By design, age and sex distribution of vegetarian and non-vegetarian controls were 
not significantly different (Table 2). All the children in both groups had been 
breastfed during infancy.  At the time of interview, only five children were still 
breastfeeding.  Duration of exclusive breastfeeding and number of children given 
colostrums were not significantly different between the two groups.  However, non-
vegetarian children were breastfed significantly longer than vegetarian children (16.6 
± 6.0 months versus 13.3 ± 4.7 months, p= 0.040). 
 
Dietary intakes of vegetarian and non-vegetarian children 
The energy and other nutrient intakes of vegetarian and non-vegetarian children were 
based on one day 24-hour dietary recall (Table 3). Vegetarian children had 
significantly higher mean intakes of dietary fibre (p= 0.002), thiamine (p= 0.001) and 
vitamin A(p= 0.01) than non-vegetarian children but lower vitamins B12(p< 0.001) as 
vegetarian children’s diets were devoid of this vitamin. All non-vegetarian children 
did not meet their requirement for fibre and over 70% of children in both groups did 
not meet their requirement for calcium or riboflavin (Table 4).  
 
Based on the dietary intake data from the 12- hour home observation, the mean 
intakes of energy and several other nutrients were similar among vegetarian and non-
vegetarian children except for vitamin B12 which was completely absent from the diet 
of vegetarian children(Table5). 
 
Dietary diversity of vegetarian and non-vegetarian children’s diets 
The dietary diversity pattern of vegetarian and non-vegetarian children based on the 
24-hour dietary recall showed that more than 90% of children in both groups 
consumed foods from cereals, other vegetables (non-green leafy vegetables) and fats 
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groups was significantly higher in vegetarian children than in non-vegetarian controls 
(p<0.01). By definition, none of the vegetarian children consumed foods from the 
Animal Source Food (ASF) group.  On average, most children ate from five food 
groups, namely cereals, pulses and nuts, other vegetables, fats and oils and fruits but 
for the non-vegetarian children it was ASF instead of fruits.  There was no significant 
group difference between the mean food diversity score of children when ASF was 
counted and when ASF was not counted (Table 6).   
 
Nutritional indicators  
Haemoglobin and plasma transferrin receptor concentrations were not significantly 
(p> 0.05) different between the two groups (Table 7).  However, non-vegetarian 
children had significantly (p= 0.012) higher iron stores with almost 2-fold higher 
plasma ferritin levels. The prevalence of iron deficiency anaemia, anaemia (from all 
causes), and the presence of sub-clinical infection were similarly distributed between 
groups.   The two groups did not differ in anthropometric indicators of nutritional 




The recent practice of vegetarianism among some households in Ghana provided the 
opportunity to compare the dietary intakes of children raised as vegetarians with those 
of children from non-vegetarian households. The study results suggest that 
irrespective of dietary practices, there are indications of nutritional deficiencies in the 
diets of both vegetarian and non-vegetarian children in Accra and Cape Coast, Ghana. 
The higher vitamin A intakes of the vegetarians may be attributable to consumption of 
more green leafy vegetables and yellow fruits (.such as mango).  Rich food sources of 
vitamin A include liver and fish liver oils; however, precursors of vitamin A also 
occur in plants and oils such as pro-vitamin A carotenoids.  Dwyer et al.[3] reported 
higher intakes of vitamin A and thiamine in 39 vegetarian children from 24-hour 
recall dietary histories in the United States.  Sanders and Reddy [1] also reported 
higher intakes of vitamin A, thiamine and dietary fibre in vegetarian children aged 6-
13 years as compared to omnivorous children aged 7-12 years in the United Kingdom. 
Plant-based diets are high in dietary fibre and thus probably explain the high intakes 
observed among the vegetarian children. The finding that vitamin B12 intake in 
vegetarian children was non-existent (none was recorded for both the 12-hour home 
observation and 24-hour dietary recall) is consistent with what has been published in 
literature.  Dwyer et al.[3] reported normal mean intakes of vitamin B12 in a group of 
39 preschool children in the United States consuming different types of vegetarian 
diets (small amounts of fish and other animal foods, milk / eggs, or no animal source 
food). However, vitamin B12 levels were found to be lowest in vegan children.  
Considering that vitamin B12 is found in significant and consistent amounts only in 
Animal Source Foods (ASF), and since the vegetarian children did not consume any 
ASF or foods fortified with the vitamin, the result obtained was not surprising.  
 
Attention must be given to ways in which vitamin B12 can be incorporated into the 
diets of vegetarians as well as non-vegetarian children among whom 50% had vitamin 
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among non-vegetarian Ghanaian children increases the risk of vitamin B12 deficiency.  
Attention needs to be directed to the quality of diet of both vegetarian and non-
vegetarian Ghanaian children to prevent vitamin B12 deficiency.  Deficiency of this 
vitamin may lead to the slow and progressive degeneration of the spinal cord and 
brain without showing clinical deficiency symptoms [4].  The risk of vitamin B12 
deficiency is higher in children than in adults because children have smaller nutrient 
stores at a critical development stage.  A number of studies in developed countries 
have reported cases of children with combined vitamin B12 deficiency and 
neurological symptoms and occasionally brain damage [22, 23].  Although the study 
did not determine plasma vitamin B12 levels in the children, the very low intake of the 
vitamin is likely to increase the risk of deficiency.  Vitamin B12 deficiency has also 
been linked with an increased risk of development of megaloblastic anaemia [24]. The 
use of foods fortified with vitamin B12 and supplements containing vitamin B12 is 
necessary for vegetarian children.  For non-vegetarian children, increasing the ASF 
content of the diet will help to prevent vitamin B12 deficiency. 
 
From both the 24-hour recall and 12-hour home observation, mean intakes of dietary 
iron appeared adequate for children in both groups.  Among the non-vegetarian 
children, ASF contributed only 11% of the total iron intake (result not shown).  Most 
of the dietary iron intake of both groups of children came from plant sources.  This 
raises the concern about bioavailability as the presence of inhibitors such as phytates 
and polyphenols found in plants, may inhibit the absorption of non-haem iron from 
plant foods.  About 70, 90 and 40% of children did not meet the requirements for 
riboflavin, calcium and zinc, respectively.  In addition, about 65% of both groups of 
children did not meet their energy requirements.  These results suggest that both 
vegetarian and non-vegetarian Ghanaian diets are inadequate.  Both diets need 
substantial improvement to meet the growing needs of children. 
 
Consumption of fruits and green leafy vegetables was significantly higher in 
vegetarian children than in non-vegetarian children. Dagnelie et al.[4] also reported 
higher intakes of green leafy vegetables in vegetarian children than non-vegetarian 
Dutch children.  This is a desirable practice considering the confirmed benefits of 
consuming fruits and vegetables in combating non-communicable diseases.  However, 
these vegetables should be eaten together with vitamin C-rich foods to improve the 
bioavailability of non-heme iron.  As expected, vegetarian children did not consume 
any ASF foods. Three of the non-vegetarian children did not consume any ASF at all.  
Less than 12% of dietary iron was contributed by ASF in non-vegetarian children 
while less than 45% of dietary protein was contributed by ASF.  Cereals, fats and oils 
and other vegetables (such as pepper and tomatoes) were the foods consumed by 
almost all the children.  Lack of dietary diversity is a problem among poor 
populations in the developing world, where diets are based predominantly on starchy 
staples, often with little or no animal products and only seasonal fruits and vegetables. 
The mean dietary diversity score was similar for both groups of children. 
Although the diets of the vegetarian children contributed more fruits and vegetables 
than that of the non-vegetarian children, this did not increase the total diversity of 
their diet beyond that of the non-vegetarian children, Similarly, the diets of the non-
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beyond that of the vegetarian children. Both fruit and vegetable food group and ASF 
group must be present in the diet to improve diversity. Marquis et al.[25] reported low 
ASF intake and low diversity in the diets of children in food insecure households in 
three ecological zones (Winneba, Techiman and Navrongo) of Ghana. Animal source 
foods have the potential to provide enough calcium, iron and zinc for infants [26].  
Efforts to improve the quality and diversity of diets of Ghanaian children should 
include the promotion of the consumption of ASF as well as fruits and vegetables. For 
children on vegetarian diets, the use of fortified foods may address these deficiencies.  
 
Biochemical assessment of iron status 
Plasma ferritin, as an indicator of body iron stores, has limitations.  This is because 
ferritin is an acute phase protein and the concentration in the plasma becomes 
elevated in the event of infections or inflammation.  When iron deficiency co-exists 
with infections or inflammation there is the tendency to increase detection of false 
negatives (that is individuals who are iron deficient but have high ferritin 
concentrations depicting normal iron stores).  To eliminate this possibility, C-reactive 
protein (CRP), a marker for infections was measured.  A total of eight vegetarian 
children (30.8%) and seven non-vegetarian children (26.9%) had elevated CRP (> 
10mg/L) so their values were not included in the ferritin analysis.  Non-vegetarian 
children had significantly (p = 0.012) higher mean ferritin concentrations than 
vegetarian children.  The better iron stores observed in non-vegetarian children may 
be attributed to the consumption of ASF, however little.  The ASF may have 
increased the absorption of iron and other minerals and hence contribute to better iron 
stores. Although the mean intake of dietary iron of children in both groups was not 
significantly different, the bioavailability of iron from plant sources is much lower 
than that from animal source foods [27].  This may have accounted for the lower 
ferritin stores observed in the vegetarian children compared to the non-vegetarian 
children.  Studies on iron status have consistently shown that serum ferritin is lower in 
vegetarians than in non-vegetarians, although haemoglobin levels are similar or 
slightly lower in vegetarians than in non-vegetarians [28].  About a quarter of children 
in both groups were anaemic.  Two (11.1%) vegetarian children and 3 (15.8%) non-
vegetarian children had iron deficiency while only one child each from both groups 
had iron deficiency anaemia (a combination of iron deficiency and anaemia).  It is 
likely that factors other than dietary iron deficiency alone may have contributed to the 
relatively high level of anaemia among both groups of children.  Some of these 
factors may be infections (worm infestations), malaria, and sickle cell disease [29].  
Other factors such as deficiencies of vitamins B12 and B6 may be problematic [27].  A 
study of women of child-bearing age in China showed that vitamin B6 contributed to 
prevalence of anaemia [30]. The lack of significant difference between haemoglobin 
and TfR concentrations of children in this study strengthens the fact that the dietary 
intakes of children in both groups were similar. 
 
Iron deficiency and iron deficiency anaemia adversely affect the cognitive 
development and growth of infants, pre-schoolers and school-aged children.  For this, 
reason, the high anaemia prevalence found in children in both groups raises concern.  
Early detection and treatment of iron deficiency are important as prolonged deficiency 
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haematological screening with the biochemical marker ferritin which is reported to be 
the cornerstone to identify iron deficiency in the early stage of compromised iron 
status [31]. 
 
In conclusion, the findings confirm that children fed on vegetarian diets are at a risk 
of vitamin B12 deficiency.  Typical non-vegetarian Ghanaian diets for children were 
also deficient in animal source foods and, therefore, have implications (poor growth 
outcomes) for the maintenance of a good nutritional status.  Both the vegetarian and 
non-vegetarian diets were insufficient to support adequate iron status of children 
given that about 25% of children from both groups were anaemic.  Efforts to improve 
the quality of diets of Ghanaian children should include the addition of more ASF to 
children’s diets. Although, not recommended, if children must be raised on vegetarian 
diets, their caregivers need to be made aware of the known risks of such diets and 
provided with education to carefully select dietary ingredients that will add variety to 
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Table 1: Demographic and household characteristics of caregivers of vegetarian 







Characteristic    
Caregiver    
   Education(y) 11.0 ± 2.8 11.0 ± 4.5 0.980 
 
   Age (y) 
 
31.3 ± 8.4 
 




   Marital status 
   
     Married 13 (76.5) 20 (80.0)  
     Not married 4 (23.6) 5 (20.0) 0.780 
 
  Religion 
   
     Christian 0 23 (92.0)  
     Muslim 0 2 (8.0)  
     African Hebrew Israelite 17 (100.0) 0  
    
Household    
   Source of drinking H2O    
     Piped  1 (5.9) 17 (68.0) < 0.0012 
     Sachet  16 (94.9) 8 (32.0)  
    
   Toilet facility    
     Flush toilet 9 (52.9) 12  (48) 0.420 
     Pit latrine 6 (35.3) 6 (24)  
     Other3 2 (11.8) 7 (28)  
    
   Household size    
     1-3 6 (35.3) 2 (8.0) 0.090 
     4-6 10 (58.8) 21 (84.0)  
     Above 6 1 (5.9) 2 (8.0)  
    
  Money on food/wk (Gh¢)4 31.1 ± 20.2 35.4 ± 25.2 0.560 
1Data shown as mean+ SD or n (%) 
2 Significance associated with Pearson’s Chi square statistics for categorical variables 
and Student’s t-test for continuous variables 
3 None, bucket/pan 
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Table 2: Background information and child feeding practises of vegetarian and 
non-vegetarian children in Accra and Cape Coast , Ghana1 
 





Age of child (mo) 55.0 ± 35.3 58.0 ± 34.4 0.825 
    
Sex of child    
   Male  15 (57.7) 15 (57.7) 1.000 
   Female 11 (42.3) 11 (42.3)  
    
HAZ -0.37 ± 0.86 
(n=26) 
-0.44 ± 0.96 
(n=26) 
0.590 
WAZ -0.14 ± 1.20 
(n=24) 
-0.32 ± 0.76 
(n=24) 
0.560 
WHZ 0.17 ±  1.50 
(n=16) 





   
Ever breastfed 26 (100.0) 26 (100.0)  
    
 Still breastfeeding 3 (11.5) 2 (7.7)  
    
Duration of exclusive 
BF 
   
   1-3 mo 5 (19.1) 6 (23.1)  
   4-5 mo 6 (23.1) 2 (7.7)  
   6 mo 7 (26.9) 9 (34.6)  
    
Colostrum given 24 (92.3) 26 (100.0)  
    
Duration of BF (mo) 13.3 ± 4.7 16.6 ± 6.0 0.040 
1 Values shown as mean ± standard deviation or n (%)  
2 Chi-square test was used to test differences between proportions; Student’s t-test was 
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Table 3: Energy and nutrient intakes of vegetarian children  from 
Accra and Cape Coast compared with non-vegetarian controls 
based on a 24-hour recall1 
 








1262.5 ± 488.2 
 






30.9 ± 16.3 
 




Dietary fibre (g) 
 
17.1 ± 11.9 
 






1.1 ± 0.8 
 












Vitamin B12 (mg) 
 
0.0 ± 0.0 
 




Vitamin A (RE) 
 
1702.1 ± 1887.1 
 




Vitamin C (mg) 
 
99.9 ± 75.1 
 






273.7 ± 121.1 
 






12.5 ± 6.0 
 






4.9 ± 3.0 
 
5.4 ± 2.6 
 
0.600 
1Values shown as mean ± SD 











Table 4: Percentage of vegetarian and non-vegetarian children 
from Accra and Cape Coast with dietary intakes below 
Dietary Reference Intakes,  based on one 24 hour recall1 
 





   Energy 19 (73.1) 17 (65.4) 0.550 
 
   Protein 
 






   Dietary fibre 
 
20 (76.9)  
 




   Thiamine 
 
7 (26.9)  
 




   Riboflavin 
 
18 (69.2)  
 




   Vitamin B12 
 
26 (100.0)  
 




   Vitamin A 
 






   Vitamin C 
 






   Calcium 
 





















1 Values shown as n (%) 
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Table 5: Energy and nutrient intakes of vegetarian children from Accra 
and Cape Coast compared with non-vegetarian controls, based 
on a 12-hour home observation 1 
 









25.9 ± 15.9 
 




Dietary fibre (g) 
 
12.1 ± 7.3 
 






0.9 ± 0.6 
 






0.4 ± 0.3 
 




Vitamin B12 (mg) 
 
0.0 ± 0.0 
 




Vitamin A (RE) 
 
485.7 ± 441.8 
 




Vitamin C (mg) 
 
55.5 ± 43.7 
 






207.3 ± 101.2 
 






10.4 ± 4.9 
 






3.9 ± 1.8 
 
4.9 ± 2.9 
 
0.290 
1Values shown as mean ± SD 
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Table 6: Consumption of foods from the various food groups by vegetarian 
and non-vegetarian children from Accra and Cape Coast, based on 
one 24-hour recall1 
 





Cereals 25 (96.2) 26 (100.0) 0.313 
 































































    
Food diversity score with 
animal source foods3 
 
5.81 ± 0.98 5.85 ± 1.12 0.830 
Food diversity score without 
animal source foods 4 
5.81 ± 0.98 4.96 ± 1.04 0.540 
1 Values shown as mean ± standard deviation or n (%)  
2 Chi-square test was used to test differences between proportions; Student’s t-test 
was used to compare means 
3 Mean food diversity score with animal source foods; maximum of 9 food groups 
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Table 7: Hemoglobin, ferritin and transferrin receptor (TfR) levels for 
vegetarian and non-vegetarian children from Accra and Cape Coast 1 
 





Hemoglobin    (g/dl) 
 
11.8 ± 1.1 11.6 ± 1.1 0.970 
Plasma ferritin (ng/ ml) 
 
34.05 ± 25.88   59.15 ± 
48.18  
0.012 
Plasma TfRconc (μg/ml) 
 
1.45 ± 1.02 1.47 ± 0.71 0.940 
Plasma ferritin < 15 ng/ml 
 
2 (11.1)  3 (15.8)  0.677 
IDA3 
 
1 (3.8)  1 (3.8)  1.000  
Anemia4 6 (23.1) 7 (26.9) 0.740 
    
CRP >10 mg/L  8 (30.8) 7 (26.9)  0.760 
1 Values shown as mean ± standard deviation or n (%)  
2 Student’s t-test was used to compare means; Chi-square test was used to test 
differences between proportions 
3IDA: Iron deficiency anemia (combination of ferritin < 15 ng/ml and Hb< 11.0 
g/dl or 11.5 g/dl) 
4Anemia: Hb< 11.0 g/dl for children < 5yrs and Hb< 11.5 g/dl for children 5-11 y 
(INACG/WHO/UNICEF (1998) suggested a cut off of Hb< 11.0 g/dl for children 
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